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The Loess Plateau is located in middle part of the Yellow River basin. The land-atmosphere interaction is 
considered to have a critical role in precipitation and the water circulation in the Yellow River basin. 
The Loess Plateau consists of a characteristic complex terrain including flat tableland and steep gullies. The 
surfaces of the tableland are covered by various types of crop fields such as wheat, maiz.e, and apples. The 
long-term continuous observations of the atmospheric boundary layer (ABL) were conducted from June 2004 
till September 2007, in order to clarify diurnal, seasonal, and annual variations of the water budget and transport 
of water vapor over such complex and heterogeneous surface of the Loess Plateau. The observation has 
revealed that development of strong vertical wind in ABL (Nishikawa et al., 2005) and cumulus convection 
enhanced the vertical transport of water vapor, which is likely to cause clear diurnal variations of water vapor 
content in the upper and lower atmospheric layer in the troposphere (Takahashi et al. , 2007). 
This study reports seasonal variation of the water budget as well as characteristic diurnal variation of 
summer precipitation with considering vertical transport of water vapor in 2005 and 2006. 
2 . Observation site and methods 
Observation site is located at the wheat field of the Changwu Agro-Ecological Experimental Station (35.24 
"N, 107.68°E, 1224 m a.s.l.) in the southern part of the Loess Plateau in China Fields of apple trees andmaiz.e 
are also distributed around the observation area, and residential buildings stand in some parts of the area. In the 
experimental field, winter wheat is seeded in September and harvested in June in every year. We installed the 30 
m-high tower in May 2004, for measuring turbulent fluxes of momentum, sensible heat, latent heat, and carbon 
dioxide. Three-dimensional wind velocity and air temperature have been measured using the ultra-sonic 
anemometers (1210R3, Gill Instruments Ltd., UK), and densities of water vapor and gaseous carbon dioxide 
have been measured using the open-path type H20 /C02 gas analyzers (LI-7500, Li-Cor Co., USA). These 
instruments have been equipped to heights of three levels, i.e. 32 m, 12 m, and 2 m Sensible heat and latent 
heat fluxes were calculated using the eddy correlation method (EC). For compensation of the fluxes during the 
periods when EC method could not be applied due to some troubles in the instruments, Bowen ratio method 
was applied using data of air temperature and humidity, which have been measured at heights of32 m and 12 m 
and averaged in 30 minutes. If either of the average data at heights of32 m and 12 m were missed, the average 
data at height of2 m was used for compensation. 
The vertical profiles of water vapor from the ground up to a height of 10 km were measured with time 
resolution of lminute using a microwave radiometer (MR) (TP/WVP-3000, Radiometries Co, USA), which 
was installed at the observation site in May 2005. 
3 . Results and discussion 
Figure 1 shows seasonal variation of monthly precipitation and evapotranspiration and monthly mean of 
daily averaged sensible heat flux in 2005 and 2006. Annual precipitations were 515 mm and 452 mm in 2005 
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and 2006, respectively. Annual evapotranspirations were 440 mm and 350 mm in 2005 and 2006, respectively. 
About 80 % of annual precipitation was returned to the atmosphere by evapotranspiration. Infiltrations into the 
soil were 80 mm and 100 mm in 2005 and 2006, respectively. These correspond to 15 % (2005) and 22 % 
(2006) of annual precipitation. 
Figure 2 shows seasonal variation of the monthly mean of water vapor contents \WVC) in the atmosphere 
from the ground to 2 km and to 10 km in 2005 and 2006. Seasonal variation of annual precipitation and 
evapotranspiration are also shown in Fig. 2. WVC increased abruptly in the period from June to July in both of 
years. The data ofWVC was missed dw-ing period from July in 2005 to April in 2006, due to the trouble of the 
electric power board of"MR. The monthly mean WVC had its maximum in July and decreased monotonically 
till December in 2006. Seasonal variation of evapotranspiration was similar to that of WVC in 2006. On the 
other hand, precipitation had its maximum in August in 2006. Precipitation concentrated to three months from 
July to September in accordance with the result in past literature (Owada et al., 2005). Figure 3 shows hourly 
precipitations accumulated dw-ing four months from June to September in 2004, 2005 and 2007, respectively. 
The data of hourly precipitation was missed in 2006 due to troubles in the instruments. In 2004 and 2007, 
hourly precipitations show apparent decreases in daytime and had maximum peaks in the early morning and the 
evening. On the other hand, in 2005, hourly precipitations had a maximum peak in daytime and had a strong 
peak in the evening. Although shapes of diurnal variation of hourly precipitation are different among years, 
strong peaks in the evening were commonly observed Such strong peaks in the evening were likely to be 
caused by active cloud convection due to development of the ABL in daytime. 
Strong convective activities could be observed when strong vertical winds were observed in the ABL and 
these were likely to link to cumulus convection developed in the afternoon. Active cumulus, which is defined in 
this study as that especially developed cumulus with its cloud top reaching to high altitudes, were :frequently 
observed in our site in late of June, when WVC increased, in both of 2005 and 2006 (fakahashi et al., 2007). 
Dw-ing the period, active cumulus tended to be observed in the afternoon in daytime. Figure 4 shows diurnal 
variation of WVC measured by MR, latent heat fluxes that were calculated by Bowen ratio method, and the 
ABL heights that were estimated using the data of wind velocity measured by a wind profiler radar on 15, 16, 
and 17 June of 2006. As for ABL heights, we depicted only its variation in daytime. We excluded data in the 
periods when stratiform clouds influenced estimation of ABL heights or too high echoes measured in nighttime. 
As shown in Fig. 4, WVC decreased rapidly in the lower atmospheric layer and increased in the upper 
atmospheric layer in the afternoon when active cumulus developed 1bis suggests that the vertical mixing of 
water vapor was enhanced between the upper and lower atmosphere due to strong cumulus convection of active 
cumulus. On the other hand, decrease of WVC started earlier in the layer at a height of 700 m than that in the 
layer near the ground surface, where WVC started to increase before noon. 1bis suggests presence of a local 
circulation influencing diurnal variation of WVC over the area. That is, WVC near the ground surface increased 
due to supply of water vapor by evapotranspiration, while WVC in the layer at a height of 700m decreased 
around dawn that was likely to be caused by downward penetration of dry air from the upper atmosphere 
caused by development of a local circulation. Such influence of a local circulation to diurnal variation of WVC 
has been reported in Tibetan Plateau (Takagi et al., 2000), Sumatra island (Wu et al., 2003), and coastal area of 
Thailand (Fujita et al., 2006). A small-scale local circulation is probable to be generated by a thermal convection 
around edge of the tableland (Ziingle and Chico, 2006), although a large scale local circulation is considered to 
be difficult to be generated in the Loess Plateau. 
4 . Conclusions 
About 80 % of precipitation has been evapotranspirated to the atmosphere. In the period from July to 
September, precipitation was larger than evapotranspiration. The surface soil layer had been moistened dw-ing 
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t h i s  p e r i o d .  O n  t h e  o t h e r  h a n d ,  i n  t h e  p e r i o d  f r o m  O c t o b e r  t o  n e x t  A p r i l ,  e v a p o t r a n s p i r a t i o n  w a s  l a r g e r  t h a n  
p r e c i p i t a t i o n .  T h e  s u r f a c e  s o i l  l a y e r  h a d  b e e n  d r i e d  d u r i n g  t h i s  p e r i o d .  A  p a r t  o f  w a t e r  t h a t  w a s  s u p p l i e d  b y  
s u m m e r  p r e c i p i t a t i o n  h a d  b e e n  s t o r e d  w i t h i n  s u r f a c e  s o i l  l a y e r  a n d  h a d  b e e n  r e t u r n e d  g r a d u a l l y  t o  t h e  
a t m o s p h e r e ,  e s p e c i a l l y  i n  s p r i n g  w h e n  p l a n t  g r e w  a c t i v e l y .  C o n s e q u e n t l y ,  p l a n t s  c o u l d  u s e  w a t e r  e v e n  i f  
p r e c i p i t a t i o n  w a s  n o t  e n o u g h  i n  t h e  g r o w i n g  s e a s o n .  W a t e r  c o n t e n t  i n  t h e  s u r f a c e  s o i l  l a y e r  w a s  c o n s u m e d  
r a p i d l y  b y  p l a n t s .  T h i s  i s  e f f e c t i v e  t o  t h e  g r o w t h  o f  w i n t e r  w h e a t .  
D e v e l o p m e n t  o f  t h e  A B L  a c c o m p a n i e d  w i t h  s t r o n g  v e r t i c a l  w i n d  a n d  t r a n s p o r t e d  w a t e r  v a p o r  t o  t h e  
c l o u d  l a y e r .  W h e n  a c t i v e  c u m u l u s  d e v e l o p e d ,  c l e a r  d i u r n a l  v a r i a t i o n s  o f  W V C  w e r e  o b s e r v e d  F r o m  t h e  e a r l y  
m o r n i n g  a f t e r  d a w n ,  W V C  d e c r e a s e d  i n  t h e  l o w e r  a t m o s p h e r e  e x c e p t  t h e  l a y e r  c l o s e  t o  t h e  g r o u n d  s u r f a c e .  I n  
c o n t r a s t  t o  t h i s ,  W V C  i n c r e a s e d  i n  t h e  u p p e r  a t m o s p h e r e .  D e v e l o p m e n t  o f  t h e  A B L  a n d  c u m u l u s  c o n v e c t i o n  i n  
t h e  a f t e r n o o n  m i g h t  h a v e  s i g n i f i c a n t  i n f l u e n c e s  t o  t h e  d i u r n a l  v a r i a t i o n  o f  t h e  W V C .  S u c h  s t r o n g  m i x i n g  d u e  
t o  l i n k s  o f  s t r o n g  v e r t i c a l  w i n d  i n  t h e  A B L  a n d  c u m u l u s  c o n v e c t i o n  e n h a n c e d  m i x i n g  o f  w a t e r  v a p o r  b e t w e e n  
t h e  a t m o s p h e r i c  b o u n d a r y  l a y e r  a n d  f r e e  a t m o s p h e r e .  T h e s e  d i u r n a l  v a r i a t i o n s  o f  t h e  W V C  m i g h t  b e  a l s o  
r e l a t e d  w i t h  a  s m a l l - s c a l e  l o c a l  c i r c u l a t i o n ,  w h i c h  w a s  l i k e l y  t o  b e  g e n e r a t e d  a r o u n d  t h e  e d g e  o f  t h e  t a b l e l a n d  
o f  t h e  p l a t e a u  ( . l a n g l e  a n d  C h i c o ,  2 0 0 6 ) .  
I t  i s  n e c e s s a r y  t o  s t u d y  f u r t h e r  o n  t h e  r e l a t i o n s h i p  b e t w e e n  s u c h  t r a n s p o r t  o f  t h e  a t m o s p h e r i c  w a t e r  v a p o r  
a n d  s y n o p t i c  w e a t h e r  c o n d i t i o n s  i n  o r d e r  t o  c l a r i f y  t h e  w a t e r  c i r c u l a t i o n  i n  t h e  Y e l l o w  R i v e r  b a s i n .  
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Fig. 3. Hourly precipitation accumulated over four months from June to September (bars with oblique), and 
mean diurnal variation of air temperature (solid lines) in 2004, 2005, and 2007. 
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Fig. 4. Diurnal variation of specific humidity at four heights (see legend beside the upper figure to see the 
meanings of each symbol), latent heat flux (solid lines), and the heights of the atmospheric boundary 
layer (black circles) on 15, 16, and 17 June 2006. 
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